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SECTION II.-GENERAL METEOROLOGY. 
TEE DUSTFALLS OF MARCH, lS18. with snow, as shown in figures 1 and 3 (shaded areas) 

where the liiits of snow on the ground on March 4 and 
pehlT ulllVerslt of wk0-, and 11 are reproduced from the Snow and Ice Bulletins of the 
Meteom Ogist, U. 8. &eather B m u .  Weather Bureau. 1 

(e) The Southeastern and Central States had no ro- 
[Dated: lfadia& Wh., Dec. 24, lQ18.1 

Light falls of dust occur so frequently as to attract no cover of vegetation seems to have kept down the blow 
attention, except from housewives; heavier falls are rare of soil. Inquiries addressed to the section directors o 
and pass away so quickly that uantitative measure- the climatological services of Illinois, Indiana, and Ohio 

dustfalls occurred in March, 1918, in the Central and the arch storms, no reports of blowing of soil ha come 
Eastern States. At Madison the time of beginning and to their notice. 
end of the fall and the density of the fall  were accurately (d) Microscopic study of the dust collected at Madi- 
determined, and the dust has been examined by investi- son, Wk., and at Oberh, Ohio, reveals several facta hav- 

and PmLeR, By ALEXANDEB-NEFN WINCHELL, Professor of Minemlo 

tecting cover of snow, but the. wetness of the soil an 2 the 

Y 
8 1 ments of them are not often ma 1 e. Unusually lieavy brou ht the response that, while high winds accom anied 

gators familiar with the hysical, mineralogicd, zoologi- 

he& dust has been discussed rn its general relations by 
L e e  (I)  and b Humpbeys (3) (4), so that this aper 

relative to the dustfalls of March, 1918. 
O w n  o the d&.-Notwithstanding the impression of 

of local origin, the following circumstances point to the 
arid Southwest as the source from which it came: 
(a) High winds, dust storms, and sand storms occurred 

from Arizona eastward to the Mississip i River. Part of 

(6)  The Northern States, including most of those in 
which the deposit of dust was observed, were covered 

cal, and botanical probems r 
will be confine 1 to the presentation of the dats co 3 ected 

some of t r! e obsemers of the dustfall, that the dust waa 

the area was eapeciall liable to the i! lowing of soil on 
account of an unusu a J  y prolonged drought. 

pyented  by it. Atmos- 
ing an irn ortant bear’ on its origin. First it is well 
sorted an B very fie. 3 0 t h  of these facts indicate that 
it has been carried a lo distance in the air. Next, the 
dust contains abundanzhonite and hematite, although 
kaolin is not abundant and the feldspar is entirely un- 
altered. These facts indicate that the dust is a product 
of physical disintegration and not of chemical decompo- 
sition, therefore that it is derived from a region of very 
arid climate and not from an part of the Mississippi 
Valley. Again, the dust is $orainantly composed of 
feldspar and quartz, with very small amounts of other 
constituents. Therefore it is derived from a region of 
siliceous felds athic rocks, either granite or arkose, or a 
gneiss of s d a r  composition, like the Rock Mountain 

sandstone, mica schist, or basic igneous rocks. It con- 
region. It is not derived from a region o 9 limestone, 
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tains far too little kaolin, and its feldspar is too fresh to 
be derived from any ordinary shale or argillite. There- 
fore it is not derived from any part of the Misaissippi 
Valley east of the Rocky Mountams or south of Minne- 
sota. Finally, the pro ortion of organic materials in the 
dust (about 5 per centf is so much smaller than the pro- 

ortion reported in European dustfalls as to indicate a 
Emen region as the place of origin. 

Trarnbmting agents.-Three well-developed cyclones 
crossed the continent in March, 1918; the tracks of the 
centers of these, numbered 111, IV, and V, are shown on 
Chart =VI-24, “Tracks of centers of low a r e q  March, 
1918,” in the MONTHLY WEATHER REVIEW, March, 1918. 
No. I11 appeared on the California coast on the evening 
of the 6th and assed off the field of the weather map in 
the vicinity of kmfoundland OIJ the morning of the 11th 
(see Sg. 1). No. IV crossed between the morning of the 

March 8-9, p. m. to a. m., Oklahoma, 48; Denver, 44; Wichita, 44. 
March 9, a. m. to p. m., St. Loub, 74; Wichita, 65. 
March 9-10, p. m. to a. m., Waehington, 40; F’ittaburgh, 40. 
March 10, a. m. to p. m., New York, 87. 
The area of deflation (blowing away of f i e  dust) in 

Arizona, New Mexico, Texas, Oklahoma, Kansas, and 
Missouri, due to storm 111 is shown in figure 1, and those 
due to LOWS IV  and V in figures 2 and 3. These reports of 
dust storms and sand storms on March 8, 9, 10, 11, 12, 
and 13 have been charted for us from the re orts of co- 
operative observers of the Weather Bureau L o u g h  the 
hndness of Mr. Herbert Lyman, of the MONTHLY 
WEATHER REVIEW staff. 

Tra‘ectmy of the dust cM.-The advance of a dust 

Free (I),andin thecaseof thevolcanicdustfrom atmai by 
Kimball(6). We have not been able to imitate this m- 

2 cloud i as been traced in some of the instances uoted by 

cedure, for t.he remon that we have so far obtaine a no 

FIO. 2.-Dnat of Msrch 10 and 11, 1918: Cyclone tmk and dust storms reported b cooperative observers of the Westher Bureeu in Ilrluma, New Medco, Taxas, O-, 
(marked “10”) and March 11,1918. K8nsa%, and YLasouri, March 

loth and the night of the 13th (see fig. 2); No. V, be- 
tween the morning of the 11th and the night of the 15th 
(see fig. 3). I11 and V followed near1 the same ath 

tere6. over northern CaJifornia, but followed a more 
northerly course. 

%”’lone I11 was characterized by unusually hi’ h winds. 

lated in the MONTHLY WEATHER REVIEW, March, 1918, 
The 

!oTowing table gives the higher velocities, for 5 minutes, 
attained in successive 12-hour intervals between the 
simultaneous observations at 8 a. m. and 8 p. m., 75th 
Xeridian Time: 

eastward from Utah along the aralle f of 40° to fake 
Erie thence east-northeast to E ewfoundland. IV en- 

Of t e list of winds of 50 miles per hour or hig % er tabu- 

e 155, nearly one-half were due to this storm. 

March 7-8, p. m. to a. m., Modena, Utah, 30 milea per hour. 
M#ch 8, e. m. top. m., Modens, 52; WM, h., 48. 

definite observations of atmospheric haze, except from 
observers in Ohio on March 12. We have, therelore, 
tried to conjecture the probable path on the basis of the 
followin considerations: 

(1) Tfe winds near the ground can be eliminated at 
once, first because the dust was brought down at Madison 
by sleet, whic.h from its form is known to have come from 
an upper, warmer stratum, and to have frozen in falling 
through a lower, colder stratum; and second, because 
the lower wind, traced back along its course is found to 
have come from the northeast, with only moderate 
velocity, over snow-covered ground and the waters of 
Lake Michigan, while it was under the influence of the 
storm, so that it had neither the strength nor the oppor- 
tunity to  pick up dust. 

(2) We have attempted to compute graphically the 
trajectory of the upper, dusbbeming wind on the assump- 

~ 
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tion that it was a. “gradient wind,” and that the cyclone 
was of the “revolvin fluid” t e. The direction of a 

%.ermined by the pressure gradient, densit of the air, 

force due to a curved path. For our purpose this speed 
was determined by using the revised mono ram recently 

!&id as “a column or disk of air which spins about a 
vertical axis and at the same time travels with a velocity 
of translation which is c3mmon to every part of the 
column or disk, and which therefore dom not alter the 
relative motion of the air about its axis.” 

The gradient velocity was coni ounded with the average 
hourly drift of the storm. #orking backward fixmi 
Madison from the pointa determined by the observed 
beginning and ending of the dustfall, about 11 a. in. and 

adient wind is the % I T .  ection o 4p the isobar, its speed is 

deflective effect of the earth’s rotation an Csr centrifugal 

ublished by Humpheys (5). Shaw (8) de d nes revolving 

velocity by 4 a. m. March 9. This example indicates that 
the calculated gradient velocity is a maximum condition, 
wit,h respect to both northerly and easterl components 
of motion. It is scarcely probable t,hat t e true ori ‘n 
was as far west or as far north as the line of gradient ve o- 
city. On the other hand it is not likely that the lace of 
origin of the dust was east of the 95th Meridian, {ecause 
the strong convectional currents of daytime did not occur 
east of the Plains until the afternoon of the 9th, when the 
storm was passing over the Mississippi Valley. It was 
then too late for the fast, movin gradient wind itself 
must have reached the Mississippi giver by 7 a. m. of the 
9th in order to arrive at  Madison by 11 a. m. That the 
nighttime ascent is weak, even in the center of the cyclone 
is strongly suggested b the daytime widening and night- 

fall about the center of the cyclone from midnight, March 

T K 

tinie narrowing of the { elt of rain. The absence of rain- 

Fxo. 3.-Dust of March 12 and 13 1918: Cyclune tnck snow-covered area (shaded) S p. e., March 11 1918 and dust storms and sand stmms reported b eooperstlve observers 
ol the Weather Bureau In Arlmda, Nsw Mexico, Taxas, O k l k ,  kansss, and’MiSSduri, Madl 12 (-ked, “12”) and k h  13,lglR. 

3 p. m., March 9, the tra’ectories marked A and B in 

Tfese  trajectories, and especially their loops, resemble 
the actual trajectories obtained by Shaw (9) from the study 
of surface air currents. 

The dust must have been carried up from the ground, 
and while near the ound the dust-bsaring currents 

a smaller velocity, and a smaller deflection toward the 
isobar than is assumed for the upper winds. Curve D 
(fig. 11, represents the air current starting in northeastern 
Anzona at 4 p. m. with a velocity of 50 miles per hour 
(the observed maximum velocity at Flagstaff was 48). 
The direction is assumed at the begininng to be 45’ to the 
left of the isobar. Increments of velocity of 23 miles per 
hour, and of deflection of 34’ per hour are added each 
hour for 12 hours, bringing this wind up to the gradient 

fi ure 1 were obtained 1 or the dust-bearing winds. 

must have been retar CY ed by friction, and hence had then 

8, to noon, March 9, while it was advancing over Nebraska 
and Iowa, indicates exceeding1 weak convection. Under 

have made the circuit of the center without having its 
dust washed down by rain or snow. 

Regions of deposition.-The fall of dust was not gen- 
erally noticed by meteorological observers, so that we are 
not able to estimate the area covered or the total quan- 
tity of material that fell. In  tmhis respect conditions are . 
ver different from those of European falls, such as those 
of &arch 9-12, 1901, discussed by Hellmann and Mein- 
ardus (2), and of February 22, 1903, by Mill and Lem- 
fert (I), for which man reports and measurementdl by 

By corn aring the reports that were received, with the 

dust at Madison, Portage, Hancock, Montello, and 

these circumstances some of t I e dust-bearing wind could 

goth scientific men and t T e lay public were available. 

daily weat 5: er maps, it appears that cyclone I11 deposited 
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Mm. 
0.005 ................. 
0.005-0.010 ............ 
niw-o.rm ............ 
0.054.11) ............. 
n.oi(u1.m ............ 

Florence, Wis.; at Dubuque, Iowa; a t  Newberry in 
u per, and Grand Haven in lower Michigan, and at  
&elsea, Vt. Rainfall of c clone IV brought down dust 
at blumbus and Oberlin, J h o ,  on March 12. The dust 
cloud accompan ‘ng this storm was observed at  Tiffin, 

lin, Ohio. In  cyclone IV dust fell with snow at Wood- 
stock, Vt., and with mixed sleet and rain at Alstead 
Center, N. H., on March 14. 

Quuntiiy of the &&.-At Madison the dust-bearin 
snow and sleet was collected from a measured square yar 
by Prof. W. H. Twenhofel. The quantity of dust ob- 
tained from this area amounted to 4 grams. For 
comparison this is converted to the usual units, in the 
following table, with the data given for European falls 

Wauseon, Patas r ala, Plattsburg, Wilmington, and Oher- 

% 

- by Free (1). 

I Weightofdust. I 

*um. 
11.15 17.8 11.3 0.004-0.W .......... 1.5 ........ 
22.01 ................ 0.W3-0.016 ........... 14.1 0.7 
513.17 (i5.s 74.1 o.ot~.m2 ........... 36.2 5.2 
5.99 ................ n.wwm.i ........... 31.5 42.0 
1.22 14.0 13.2 O.lh3-0.125 ........... 7.8 42.0 

Date- I 

0.10-0.35 .............. ........... 
0.25-0.50 .............. ............. 
0.5-1.0 ................ ............... 
1.0-2.0 ................ 

Plaee. 

5.5 . 10.0 
3.0 Tr. 
0.2 ........ 

100.0 99.9 

............................... -- 

I-- 

Oct. 16 1846.. 

1859.. ........ 
February1882 
Mar.% 1862.. 
&r.9-f2,lQOl. 
Mar 19 1901 

Mar. 3f, 1847. 

A h :  9, ’l018. : 

Southenstren Franc8 .......................... 
Tvml ......................................... 
Westphaua .................................... 
Salzburg Austria ............................. 
Camlola’ AwWh .............................. 
Varlous blacea In E m  pe... ................... 11 
Taormlna Italy ............................... 
Madism, his.. ............................... 

0.63 
2. 0 
30.0 
0.08 
5.0 

.23-1.0 
1.7 
4.8 

Gross appeamnee of the dust.-At Madison, Wis.! whero 
the dust was mixed with a good deal of snow, it gave 
the latter a ve;? light yellowish, or isabeau, tint. At 
Florence, Wis., the snow was uite dustyin appearance, 
as to color a reddish brown?, Chelsea, Vt.-“it was 
noticed here as brown;” Alstead Center, N. H.-“was of 
reddish brown color f ’ Woodstock, Vt.-{‘snow was yellow 
and pink f’ At Columbus, Ohio-“A peculiar reddish 
deposit was observed this morning on k-ndows, and on 
white aint, where the rain of the mornin had evapo- 

tion on the roofs.” After the dust-laden snow began to 
thaw the surface became black at Madison, “rusty” at 
Newberry, Mich. The snow at  Madison, melted for 
measurement, became black water, and would doubtless 
have been called “black rain” if i t  had fallen as rain. 

Analysis of the dud.-The authors have re orted else- 

rated;” a t  Oberlin, Ohio-“ produced a visi % le discolora- 

where (IO) the microscopic and hysical ana P ysis of the 
dust collected at Madison, so t Yl a t  only the following 
brief summary will be given here. 

Microscopic study shows the dust to consist chiefly of 
minerals, but with some plant tissue, and a considerable 
number of diatom tests. The proportion of the chief 
constituents is estimated as follows: 

Feldspar and quartz, 65 to 75 per cent. 
Amorphous material, including limonite, hematite, 

kaolin, opal, etc., 30 to 30 per cent. 
All other constituents about 5 er cent. 

show that they ran e from about 0.003 mm. to 0.1 nini., 

narrower but a -ST imits, namely 0.008 to 0.025Lmm. Mechanical 
analysis of the dust, made by Prof. H. W. StewaTt of the 
department of soils, University of Wisconsin, gives the 

ercentage distribution shown in column No. 1 in the 
following table : 

Microscopic measuremenb of t ?I e size of the particles 

rismgly 9 arge percentage falls within much 

1.8 
5.7 
85. S 
0.24 
14.3 

31.1-2.9 
i. 7 
13.5 

. F ~ Q .  “Tho MoIovement 
lllletul tis, p. 16s 1911. 
loess, Douglas dounty, Nebr., A. I€. 

4. U h t  frdm lust  shower. Chicazo. Ill.. h;?bru&v. 1!h. J. A. Udden. The Merhau- 
Meyer e t  ai. U. 8. Bur. 8 1 1981 191.7 

ical Composition of Wind Diporits- Aum$tana Llhl Pub. 1, p. 56 199s. . 

J. A. Uclden, 1. c., p. 36. 
5. Volcmlc dnst which fell on s;iow in Norway after a recederuption in Iwland. 

For comparison similar analyses of soils, volcanic and 
atmospheric dusts are also given. This shows that the 
Madison dust is finer than the other dusts, and that a 
larger percentage of it is within a small range of sizes. 
Some soils contain much larger amounts of cla ey ma- 
terial (0.005 mm.), but few contain as much silt 6.005 to 
0.050 mm.); on the other hand, shower and volcanic 
dusts contain much less clty than the Madison dust. 
This ma he due to the f&ng of shower and volcanic 

Madison dust was brought down, not y its own weight, 
hut by the weight of the snow or rain condensed upon it. 

A Sam le of dust collected by Prof. G. F. Wri ht  at 

the dust that fell a t  Madison, consisting of the same 

dusts w x 011s through the action of p t y ,  while the 

Oberlin, h o ,  on March 12, 191$, is strikingly sim 9 ar to 

gists. 
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were made up from the W 
and from the monthly 
coo Wative weather Bureau stations w i t h  the area 

Figme 1 shorn a moderate barom&,& disturbance 
un B er discussion. 

Of the &, Journal of fie fianklm Institub, November, 1917, along the northern border of Minnesota and Lake Supe- 

pp. 57-91. 

SYOgE FROM m S O T A  FOBEST IWES. 

By HERBERT LYMAN. 
[Dated: Westher Bureau, Weshhgbm, Jan. 2,1919.1 

A phenomenon of perha s more than passing interest 
was witnessed from Octo % er 13 to 17, when smoke 

FIG. 2.-Whd end m o b  distrlbuth m., Oct. 12,1918. "8ms)-Ught mole;  
~ ~ m 9 9  in ciroleA'- smob. 

rim on Saturday morning, October 12, only a few hours 
before the forestiiire smoke was first noticed. In 
Duluth, which was uite near the conflagrations, the 
weather waa h e  an 8 clear in the m o m g .  Shortly 

1 . .  .. - 
Fm. 1.-Whd distribution, 8 a. m., Oct. 12,19l& 

clouds from the eat forest fires of Minnesota and ed- 

ortion of the United States east of, t e Missouri River. 
ghese fires, of which there were no less than six large 
onea, started on October 12, 1918, following a long 
period of exceptionally severe drought during which the 
precipitation had averaged only 20 to 25 er cent of the 

the most interesting hase of the eat fbes is the remark- 
able rapidity with w 'ch the am0 -e traveled. Thus, in a 
little over 24 hours the smoke, borne by northwest winds, 
reached the Atlantic seaboard, and in another 24 hours 
had been carried as far south as Charleston, S. C. 

To trace the development and c o ~ e  of the smoke 
cloud a series of charta (figs. 1 to 8) is presented. These 

E: jacent sections o P Wisconsin rapidly s read over a large 

normal. To those interested in meteor0 P ogy, however, 

%l f no. a.--Wfnd aad rrmoke atributimq 8. m., oct. 13, IOU. r'8mrr-llght smoke; 
''&tl.'' h 8 drcle-dense Smoke. 

before noon smoke appeared in the west and became 
rapidly denser until 3 o clock when the sun waa entirely 
obscured. By 4:30 p. m. the city lights had to be turned 
on. Fi re 2, shows the c clonic depression covering the 

the followingAmorning, October 13 (fig. 31, this LOW had 
entire' I!? ake.region with t 3: e center over Montreal. By 

1From 8 report to the U. 8. Forest Service by Natiod Forest Etaminer John 
YaIArm. 


